Stabilization of pH-induced degradation of porcine insulin in biodegradable polyester microspheres.
The purpose of this research project was to stabilize the pH-induced degradation of porcine insulin encapsulated within biodegradable polyester microspheres through the incorporation of a basic additive. Insulin microspheres fabricated using Poly(L-lactide) (L-PLA) and Poly(DL-lactide-co-glycolide) (50:50 DL-PLGA) were subjected to in vitro release studies and the stability of unreleased insulin encapsulated within microspheres was investigated. The intramicrosphere pH was estimated by encapsulating acid-base indicators covering a wide pH transition range within 50:50 DL-PLGA microspheres. Finally, a basic excipient sodium bicarbonate was incorporated in 50:50 DL-PLGA microspheres to minimize acid-induced insulin degradation. The in vitro release was slow and incomplete (< 30% in 30 days). Extraction and analyses of the unreleased insulin within the microspheres revealed that an average of approximately 11% remained intact. The degradation products observed consisted of approximately 15% of three distinct deamidated hydrolysis products including A-21 Desamido insulin, approximately 22% Covalent Insulin Dimer and trace amounts of High Molecular Weight Transformation Products. Comparison of the degradation profile of unreleased insulin contained in various microsphere formulations with the in vitro release kinetics indicated that an increase in covalent dimer formation within the microspheres prior to release is associated with a decrease in the cumulative percent insulin released during a 30-day incubation period. In an attempt to correlate insulin degradation with the drop in intra-microsphere pH due to polymer hydrolysis, it was determined that the pH within a degrading microsphere reaches a value of approximately 1.8 after 4 weeks. The incorporation of a basic excipient, sodium bicarbonate, in 50:50 DL-PLGA microspheres resulted in an improved in vitro release profile (cumulative release approximately 47.3% in 30 days) as well as a significant reduction in covalent dimerization of the unreleased insulin to barely detectable levels. The low pH microenvironment within a degrading microsphere is one of the major factors leading to protein instability, and the degradation of proteins encapsulated within polyester microspheres can be minimized by the incorporation of a basic excipient.